INTRODUCTION
When testicular hyaluronidase is incubated with normal serum the hyaluron o idase activity is inhibited, the inhibition reaching a maximum within a relatively short period. The activity of hyaluronidase is gradually restored even though the reaction medium is in no way altered, as described by Hadidian and Pirie (1948 b) , and confirmed by Werle and Moll (1950) . So far no satisfactory explanation of this phenomenon has been advanced. Werle and Moll have suggested that a proteolytic contaminant of bull testes hyaluronidase may be responsible for it, but the only evidence they have to support this is the inactivation of the inhibitor by a number of crude proteolytic enzyme prepaations.
Haas (1946) described a factor which destroys the inhibitory activity of serum when the serum is exposed to its action prior to incubation with hyaluronidase. He called this factor, which he found in the venom of Agkistrodon ~scivoru~ and in cultures of several pathogenic bacteria, "proinvasin I." Hadidian (1951) has shown that the addition of the venom of Agkistrodon ~scivorus to an inhibited serum-hyaluronidase mixture rapidly restores the activity of hyaluronidase. The obvious similarity between the action of venom and that of crude hyaluronidase preparations on the serum inhibitor may imply that the same factor is responsible for the destruction of the inhibitor in both instances. Since considerable interest has centered on the serum inhibitor (Glick, 1950) and "proinvasin I" has received some recognition as a constituent of snake venom (Zeller, 1948) , it was considered worthwhile to reinvestigate the action of venom on the inhibitor and to clarify, if possible, the nature of the factor which inactivates it. The results obtained offer convincing evidence that this factor is a proteolytic enzyme.
Methods
HyaIuronate---One of the high viscosity fractions obtained by the method of Hadidian and Pirie (1948 a) was used in all the experiments. * This work was done in part under a Grant-in-Aid from the American Cancer Society upon recommendation of the Committee on Growth of the National Research Council; and was partly aided by grants from the Permanent Science Fund of the American Academy of Arts and Sciences. 361
Hyaluronidase.--The hyaluronidase preparations used were of bovine origin varying 25-fold in activity. 1 Comparisons of activity were done viscosimetrically. Values given in turbidity reducing units (TRU) were obtained by comparison with a preparation of known activity in t~se units.
Buffers.---0.2 M acetate buffer was used for the control of pH within the acid range. The other buffers used have been described previously (Hadidian and Pirie, 1948 b) .
Serum.--Canine or porcine serum was used as routine, and all experiments were repeated with human serum.
Venom.--The venom of Agkistrodon piscivorus was used in the form obtained from the dealer. 2
Proteolytic Enzyraes.--Commercial preparations of pepsin, trypsin, and papain and crystalline preparations of trypsin and pepsin (Armour) were used. 500 nag. of the commercial preparations were stirred in 20 ml. of distilled water and allowed to stand 10 to 15 minutes; then centrifuged, and the supernatant used after proper dilution. Papain was activated with sodium cyanide for tests of proteolytic activity (Table II) but not for use with the inhibitor, in order to avoid the introduction of a complicating factor in this reaction. A comparison of the activities in several of the preparations used, however, showed that treatment with cyanide increases the activity about 200-fold.
Viscometric Deterralnations.--The only major variation from the methods previously described by I-Iadidian and Pirie (1948 b) for determining hyaluronidase and inhibitor activity was in the inclusion of magnesium chloride in the serum-hyaluronidase reaction at a concentration of 3.3 mx~ per liter (Freeman et al., 1949) . The same partially purified bull testes enzyme was used in all the experiments. When i was necessary to deviate from the optimum salt concentration previously described, all controls were repeated at salt concentrations required by the experiment. To demonstrate reversal of inhibition, a solution of hyaluronidase was mixed with serum and buffered sodium chloride solution so that 1.5 ml. of the mixture contained enough hyaluronidase (ca. 60 t~g.) to give a half-time of about 120 seconds; and enough serum to inhibit this activity 85 to 95 per cent in 20 minutes (mixture I). Mter 20 minutes, 1.5 ml. of mixture I was removed to determine the extent of inhibition. Aliquots of the remainder were brought to the desired pH by adding a solution, at the proportion of 0.3 ml. per 1.5 ml. of mixture I, containing a predetermined amount of hydrochloric acid, 0.1 ml. of acetate buffer, and the proteolytic enzyme whenever indicated. At various intervals 1.8 ml. aliquots of mixture II were removed, neutralized by the addition of 0.2 ml. of a solution containing the necessary amount of sodium hydroxide and 0.1 ml. of buffer at pH 7.0, and tested for hyaluronido ase activity.
Determination o/Proteolytic Activity.--The methods described by Anson (1938) were generally followed with minor modifications. All reactions were carried out at 37.5°C. Bovine hemoglobin (Armour) was used for the preparation of the protease substrates according to modifications suggested by Orringer et al. (1950) . Trypsin substrate was used for venom. For the routine determination of proteotytic activity in hyaluronidase preparations, trypsin substmte was prepared at a concentration of about 4 gin. per liter and dialyzed. The precipitated hemoglobin was redissolved with a dilute solution of sodium hydroxide, the pH adjusted to 4.5 with hydrochloric acid and 50 ml. per liter of acetate buffer, and the concentration of hemoglobin adjusted to 2 per cent. An Evelyn colorimeter with n 540 filter was used to measure nbsorption, and the amount of split products was estimated as tyrosine from a standard curve. Nitrogen values were determined by the micro-Kjeldahl procedure.
Unit of Proteolytic Activity.--The unit of proteolytic activity (U) is defined as that amount which, when added to the proper substrate will liberate from it in 10 minutes and at 37.5°C., acid-soluble split products giving the same color density as 1 × I0 -a m.eq. of tyrosine. In the case of trypsin and pepsin this unit equals about 0.5 × 10 -~ proteolytic units as defined by Anson (1938) . (Eagle, 1937) . Haas (1946) cites the instability of "proinvasin I" at pH 3 as an argument against the possible identity of "proinvasin I" with the venom protease. He thus implies that the venom protease is identical with trypsin; this is not substantiated by the results described herein. The venom protease has an optimum pH range of 7.5 to 8; but is inactivated rapidly at pH 3 (Table I ) and is not inhibited by the soy bean inhibitor (Armour) at concentrations which inhibit trypsin completely. The activity curve of the crude preparation is significantly different from that given for trypsin by Anson (1938) . There is a definite increase in the amount of acid-soluble split products when crystalline trypsin is added to a venom-casein mixture from which further addition of venom no longer will release such products. The stability of the venom protease against denaturing agents (Tables I and VII) is identical with that of "proinvasin I" as determined by Haas (1946) . In Table II the proteolytic activity of a sample of this venom is compared with those of the other preparations used.
Proteolytic Activity of Hyaluronidase Preparations.--All the hyaluronidase preparations of bovine origin that were tested liberated acid-soluble split products from hemoglobin under the specified conditions. With the preparations available it was not feasible to do more than determine the optimum pH range for its activity, which is between 4.0 and 5.5; and to establish the suitability of denatured hemoglobin as a substrate. In addition to the testicular enzymes that were available, preparations were made by precipitating bull semen with ammonium sulfate. In these, as well as in the testicular preparations, an increase in hyaluronidase activity was generally accompanied by an increase in the proteolytic activity; but the two activities did not invariably parallel each other. The activities of some of these preparations are given in Table III : preparation (I) was a bull semen extract, (II), (III), and (IV) were of testicular origin.
Effect of pH on the Reversal of Inhibition.--In the presence of an excess of serum at neutral pH reversal of inhibition cannot be detected for several hours (Hadidian and Pirie, 1948 b) . If, however, after 20 minutes of incubation the pH of such a mixture is lowered, reversal is accelerated, and the rate of reversal increases at lower pH values (Table IV) . Some factor introduced with hyaluronidase must be responsible for this, since serum kept at pH 4.9 for
TABLE V The Effext of Proteolytiv Enzymes on the Reversal of Inhibition of Hyaluronldase Activity by Serum
Serum and hyaluronidase were incubated for 20 minutes at 25°C. at the end of which period (time 0) the extent of inhibition was measured. The proteolytic enzyme was then added, in the amounts indicated per 1.5 ml. of the inhibited mixture, to an aliquot of the remainder, and the pH adjusted as described in the text. The proteolytic activity of the preparations used is given in Table II. several hours will inhibit without an appreciable loss of activity upon neutralization. This faster rate of reversal at lower pH values is consistent with the assumption that the proteolytic enzyme present in the hyaluronidase preparations is the cause of reversal.
Reversal of Inhibition with Proteolytic Enzyme.--All the proteolytic enzymes
that were tried restore the activity of hyaluronidase after it has been nearly completely inhibited by serum (Table V) . None of these have any effect on hyaluronate; nor do they alter the hyaluronidase activity under the conditions of these experiments with the exception of trypsin (Table VI) . But even with trypsin the inactivation of hyaluronidase is sufficiently slower than that of the inhibitor so that reversal may be demonstrated. Except in the case of try-p- 
Effect of Heating on the Proteolytlc and Anti-Inhibitor Activity of Venom
Serum was tested for antihyahironidase activity before (I) and after l0 minutes of exposure (II) to the action of 100 ~g. venom heated as indicated. 
Effect of Pepsin on the Inhibitor and the Rdease of Tyrosine from Dialyzed Serum
Dialyzed canine serum was diluted 1-5 and the pH adjusted as indicated. To an aliquot of this was added crystalline pepsin, 10 ~,g. per ml. After the period of incubation indicated at 25°C. the change in the inhibitory activity of the serum was determined, and the amount of split products released was estimated as tyrosine. 6 ml. of the diluted serum was precipitated with 10 ml. 0.3 N trichloracetic acid, and 5 ml. of the filtrate used for the tyrosine determination. Control determinations were done on serum incubated under identical conditions to which pepsin was added after trichloracetic acid precipitation. sin, the action of which may be complicated by the trypsin inhibitor of serum, the amount of proteolytic activity required to produce a readily demonstrable effect on the inhibitor is approximately a tenth of a unit per milliliter. All the proteolytic enzymes, as well as venom, inactivate the inhibitor in the same manner as Haas' "proinvasin I"; i.e., when mixed with it prior to incubation with hyaluronidase. Reversal with trypsin is inhibited by the soy bean inhibitor but that with venom is not. Loss of proteolytic activity by venom upon heating parallels the loss of its anti-inhibitor activity (Table VII ). In the case of trypsin, papain, and venom, the inactivation of the inhibitor is accompanied by other evidences of proteolytic activity such as the destruction of hyaluronidase or a release of acid-soluble products from the serum mixture. That this is also true for pepsin acting at a pH welt beyond the generally accepted optimum is evident from the results shown in Table VIII .
DISCUSSION
The action of venom on the serum inhibitor differs in no way from that of the proteolytic enzymes; and the known properties of its protease are identical with those of "proinvasin I," There is no doubt that the action of venom on the serum inhibitor can be adequately explained on the basis of its proteolyfic activity. The reversal phenomenon noted with tesficular hyaluronidase may likewise be explained. The fact that reversal can occur at pH 7 whereas the testicular protease is most active at pH 4-5.5 need not imply the presence of another factor, since it is obvious from the results described that a protease may inactivate the inhibitor at a pH well beyond its optimum.
The evidence in the case of bacterial hyaluronidases is seemingly contradictory. Haas (1946) found "proinvasin I" in preparations from cultures of Pneumococcus Type VI, Staphylococcus aureus, and Clostridium welckii. Werle and Moll (1950) did not find reversal when they used a clostridial enzyme. The only hyaluronidase preparation of bacterial origin (a-hemolytic streptococcus) 3 we tested showed no proteolytic activity and no reversal at pH 7.0. It is likely that there was enough proteolyfic activity in the preparations used by Haas to account for the inactivation of the inhibitor. It is also possible that other factors may have been responsible for the observed effect. One such factor may be the protease present in serum. Estimates from the data of Remmert and Cohen (1949) indicate that the potential proteolytic activity present in the amount of serum (0.05 to 0.1 ml.) frequently required for the determination of inhibitor activity is of the same order of magnitude as that used to obtain the results in Table V . Such a possibility is supported by the fact that the addition of streptokinase 4 to diluted serum results in the rapid inactivation of the inhibitor (unpublished data).
a We thank Mrs. Inga Mahler of Tufts Dental School for making this preparation available to us.
